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Field of the invention. 

The present invention relates to metal strands and cords and more in 
particular to maintain the workability of matal strands comprising 
5 filament rupture$ present In the metal strand or cord- 

Backaround of the invenHon. 

At present, it is a pnablem that during strand and cord constmctlon, 
10 using e.g. double or single twisting operations, fllamente of the strand or 

cord break. Most frequently, sudi ruptures cause two looee ends of 
filament, whteh projects out of tine profile of the strand or cord. 

The loose filament ends of the strand or cord may cause problems when 
IS the strand or cord Is used during subsequent processes. 

When such strand with projecting filaments Is used to provide a multi- 
strand cord, these projecting filaments may cause process problems 
during cord production. The projecting ends may cause congestion in 
20 ^es, guiding parts or on small passages. 

Due to this interaction between machinery parts and the filament ends, 
the broken or Interrupted filament may "sleeve ofT . Over a large length 
of tiie strand, the filament is pulled out of the strand. 

25 

When strands as such orcord$ with projecting filaments are used, e.g. 
as control cables, these projecting filaments may cause dteonSer of the 
process in which it Is used. 

30 When duch strand or cord with projecting filaments is used to pn:>vide 

polymer or rubber producte (e,g, timing belts, elevator or hoisting belts), 
ttie projecting filaments may cause shearing or disfuncttoning of the 
polymer or rubber matrix. Also here the projecting ends may cause 
congestion in guiding parts of e.g« ^ctrusion machinery or other 

3S machines processing the strands or cords. 
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Therefor, such strands or cords with broken filaments or with fQament 
ends projecting out of the profile of the strand or cord are avoided. 

In order to avoid such projecting filaments, metal strands or cords, 
5 comprising $uch projecting filament ends, may be cut Into two at the 

location of the projecting filament ends. As a result, a strand or cord with 
a length being the length of the strand or cord before the filament 
rupture Is provided. 

Either strand ends or cord ends may be welded one to another, 
10 providing a welded strand or cord with a relatively equal profile at the 

weld. This is hereafter referred to aa "end-to-end welded" strands or 
cords. This solution does provide a strand or cord, which has Inferior 
mechanical properties e.9. a lower force at rupture, a lower elasticity 
(Strain at rupture), and higher bending atiffhess and iower torsion 
15 ductility. 

Although end-to-end welded metal stnands can be used to provide 
cords, a sacrifice on mechanical properties of the metal cord Is made. 

20 summary of the invention. 

It is a subject of the invention to provide a metal strand, comprising 
Intenrupted metal filaments, not having filament ends projecting out of 
the profile of the strand* but which can be processed, In spite of these 
25 filament ruptures, without the risk of sleeving off. The metal strand as 

subject of the invention preserves the mechanical properties of the 
metal strand to a large extent. 

A metal strand as subject of the invention comprises at least two 
30 filaments, at least one filament is interrupted, providing at least one 

filament end. According to the present Invention, this filament end Is 
fixed to the uninterrupted filaments of the strand using a fixing 
substance. The place where the filament ends are fixed to tlie 
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uninterrupted filaments of the stnand Is hereafter referred to as fixation 
polnf. 

Such filament intenruptions may e.g* be caused by filament ruptures at 
5 the Iwisting points In the double or single twisting operations or by 

filament spools running empty or because of a rupture of the filament at 
the creel containing the filament spools. 

It ie understood that usually, although not necessarily^ a fHammt 
10 intenruptlon provides two filament endSf each being fixed to the 

unirrterrupted fOaments of the strand ustng afbdng substance, at a 
different fixation points. 

In sudi casOi a certain interruption zone length may be defined as the 
15 maximum strand length, comprising the two fixafion points. Usually the 

two filament ends don't meet one another anymore at the ends. It Is 
even $o that most usually, the interruption zone has a length between 
several millimeters and several meters. 

The fixing substance may be a glue or gluing paste, a polymer material, 
20 but preferabiy a soldering material. The solder Is preferably provided 

u^'ng Ag, Sn or an alloy of Sn and Ag. 
In case glue Is used, metal-to-metal glue Is preferred. 
Temperature of the fbdng substance during application, e.g. the melting 
temperature of the polymer or soldering material, is preferably lower 
25 than the transformation temperature of the metal alloy of the filaments, 

in order to preserve the mechanical and physical properties of th© 
filaments. Most preferably, a temperature of less than 700*C, most 
preferably less than 350X is used. E-g. when steel is used, this 
transformation temperature is to be understood as the temperature 
30 above which the steel alloy transforms into an austenitic structure. 

The fixation point preferably has a diameter, being less than 1 .2 times 
the strand diameter or even more prefenred, less than 1 .1 timee the 
strand diameter. The fixation point preferably has a diameter, being 
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more than 0.8 times the strand diameter or even more preferred, more 
than 0.9 times the etrand diameter. Most preferably, the tbcatton point Is 
essentially equal to the strand diameter. 
"Strand dtemeter" !s defined as the diameter of the smallest circle 
5 encompassing a radial cross-^ectfon of th© strand. The diameter at the 

location where the filament ends being fixed to the m filaments present 
In the intenruptlon zone is the diameter of the smallest circle 
encompassing the location where the filament ends being fixed to the M 
filaments present in the Interruption zone^ 

10 

Prd'erably, ttie number of filament ends at each fixation point Is less 
than 4« prefeiably lees than 3 or less than 2. Most preferably only one 
filament end Is present In each fbcation point 

15 A metal strand as subject of the Invention has as an advantage that the 

filament ends, being fixed to the uninterrupted metal filaments, don't 
disturb the use of such strands in further processes euch as cabling 
processes or extrusion processes, e.g. by sleeving off, 

20 Nor does the fixation of the filament ends at the ends of the Interruption 

zone, provide an Inflexible zone to the metal strand, as oompai^ to the 
"end-to-end" welded strands. The metal strands as subject of the 
Invention have also Improved mechanioai properties at the location 
where Inten-upted fllamertts are present, as compared to "end^o-end" 

25 welded strands. 

Since preferably only a few or even one filament end Is to be fixed at a 
fixation point, the strand is not weakened too much. The breaking load 
of the strand or cord, at ttie location of the interruption filament, 
30 approaches the sum of the breaking loads of the non-soldered metal 

filaments In the metal strand. 

The force at rupture of a sample of the metal strand as subject of the 
invention is usually more than 50%, e.g. more than 60% or even more 
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than 80% of the force at rupture of a sample of the metal strand without 
interrupted filaments. The elongation at rupture of a sample of the metal 
strand aa subject of the invention is usuaDy more than 30% e.g« more 
than 50 or even more than 60% of the elongation at rupture of a sample 
of the metal strand mthout Interrupted filaments. Since usually high 
security factors for strand loads are used, the presence of a soldering 
zone on strand level does not cause any additional risk. 

When strands as subject of the Invention are used to provide polymer or 
rubber products (e.g. timing belts, elevator or hoisHng belts), the rfsk on 
shearing or dlsftinctioning of the polymer or rubber matrix is removed, 
since no projecting filaments are present Congestion in guiding parts of 
e.g. extrusion machinery or other machines processing the strands is no 
longer present 

''Strand" Is to be understood as a number of metal filaments, being 
twisted with each other* resulting In a strand having an outer surface 
consisting of outer surface filaments, all outer surface filaments provide 
the outer surface of the strand. Possibly a core, also comprising metal 
filaments Is provided to the strand. Such core has no filaments being 
present at the outer surface of the strand. 

As en example, a strand comprises two layers of metal filaments, one 
layer providing a core and one layer providing the outer surface. Such 
strands are referred to as nxa+mxb-oonstructions, n and m being a 
number of filaments^ whereas a and b referring to the filament diameter, 
expressed In mm. e.g. 1x0.19^x0.175 or 1x0.21 -1-8x0.19 . Usually, in 
case n or m equals 1, n or m is not mentioned in the name of the 
product 

The core Itseff may also be pro>Aded as a layered construction of metal 
filaments* As an example, ni^ai+na'^as-wri^b constructfon is mentioned, 
comprising a core of a two-layered ni*a2+n2*a:^-constructlon, around 
which a third, outer layer of m*b metal filaments is provided. ni» m and 
m represent the number of filaments, whereas ai, a^ and b are the 
respective diameters of the filaments, expressed in mm. As an example, 
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1*0.13+6*0.12+12*0.12 or 3*0.15+9*0.16+15*0.15 strands are 
mentioned. 



The filament ends are fixed to the other uninterrupted filaments, either to 
one of the unintemipted fllamentB, or to more than one of the 
unintenrupted filaments. 

Metai strands a$ subject of the Invention, preferably are provided out of 
steel alloys, most preferably out of carbon steels, having more than 
0.27S%C or more than 0.4%C or even more than 0.6% C, or stainless 
^el alloys. 



Possibly the strand comprises metal filaments all of an identical filament 
15 diameter. However, usually the filaments of a strand as subject of the 

Invention have different filament diameters. The diameters of the metal 
filaments are preferably less than 1.15mm, e-g- less than 1.05mm or 
less than 0.85mm or even less than 0.7mm. sudi as (ess than 0.5mm, 
or less than 0.35mm or even less than 0.25mm, such as less than 
20 0.21 mm. As an example, the diameter of the metal filaments are larger 

than 0.03mm. 

It Is understood that a strand may comprise different filaments, which 
are of e.g. a different diameter, e different alloy or have a different 
25 coating. 

The strands as subject of the invention have a strand diameter 
preferably less than 6mm, e.g. less than 4 mm or less than 2.5mm or 
even less than 1 .76mm, such as less than 1.4mm, or less than 0.9mm 
30 or even less than 0.7mm, such as tess than 0.6mm or even less than 

0.2mm. The strand dlam^er Is the diameter of the smallest Imaginary 
drcle, which encompasses the radial cross-section of the strand- 
As an example, the strand diameter Is larger than 0.04mm. 
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Further, according to the present Invention, a metal cord obtainable by 
using at least one but preferably only one metal strand with filament 
ends bdlng fixed to unintenrupted filaments as subject of the invention 
may be provided. Also, If during production of a metal cord» one or more 
S filaments of one of the strands of the cord breaks, fixation of filament 

ends to the uninterrupted filaments of this strand using a fbcatlon 
substance may be applied. 

In both cases, a metal cord comprises at least one strand as subject of 
10 the invention, having filament ends being fixed to the uninterrupted 

filaments present in this strand. 

A metal cord may have any cord construction comprising at least two 
strands, each comprising at least two metal fiiaments. 

15 

As an example, 'nxm-'constructtons may be used, e.g. 3x3, 7}&, 4x7, 
7x4. 7x7 or 7x19. n is to be understood as the number of strands in the 
cord, each strand having m filaments. It is understood that each strand 
may comprise different filaments, which are of e.g. a difterent diameter. 

20 a different alloy or have a different coating. 

Also Vni-^Cnxm^'constructions may preferably be used. Around a core 
strand of mi filaments, n strands of m2 filaments are provided. An 
example is a ^4^x7'-cord, being a cord comprising a cora strand of 3 
filaments, around which 5 strands of 7 filaments each are provided- The 

25 filaments mi and m^ may be of the same or a different diameter. 

it is understood that each strand may comprise different filaments, 
which are of e.g. a different diameter, a difterent alloy or have a different 
coating. 

30 A metal cord has a cord diameter prefenably less than 1 4mm, e.g. less 

than 12 mm or less than dmm or even less than 7mm, such as less than 
6mm. or less than 4mm or even less than 2.5mm, such as less than 
2mm or less than 1,7mm, but may even be less than 0.25mm. As an 
example, the cord diameter is larger than 0.10mm. 
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"Cord diameter" Is defined as the diameter of the smallest corcle 
encompassing a radial cross-$ectlon of the cord. The diameter at the 
interruption zone Is the diameter of the smallest circle encompassing tine 
cross-section of the cord where the intemjption zone of the strand as 
subject of the Invention is present. 

Ae the projecting filaments out of the profile of the cord may i>e avoided, 
the same benefits are obtained as for strands as subject of the 
invention. No projecfing fOament ends may cause process intemtiption or 
disturbance due to sleeving off, nor the mechanical properdes of the 
cord are Influenced to a large e)cient 

The force at rupture of a sample of the meta! cord comprising a atrsnd 
as subject of the Invention Is usually more than 75%, e,g. more than 
80% or even more than 90% of the force at rupture of a sample of the 
metal cord without strand as subject of the invention. The elongation at 
rupture of a sample of the metal cord comprising a strand as subject of 
the Invention is usually more than 30% e.g. more than 50 or even more 
^an 60% or even more than 70% such as more than 80% of the 
elongation at rupture of a sample of the metal cord without strand as 
subject of the invention. Since usually high security factors for cord 
loads are used, the presence of a strand as subject of the invention on 
strand level does not cause any additional rlsic 

The elongation at mpture of a sample of the metal cord comprising an 
interruption zone is larger compared to the elongation at rupture of a 
sample of the metal cord being welded over the whole cross-section of 
the cord. 

When a cord comprising a stnsind as subject of the invention is used to 
provide polymer or rubber products (e.g. timing belts, elevator or 
hoisting belts), the risic on shearing or disfunctloning of the polymer or 
rubber matrix is minimized. Congestion in guiding parts of e.g. extrusion 
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machinery or other machines processing the cord Is no longer present, 
meanwhile enjoying the improved mechanical properties. 

Therefor metal cord» d$ well as metal strands, as subject of the 
5 invention may e.g. be used to reinforce polymer or rubber baltSp such as 

timing belte> elevator or holsOng belt9« conveyor belte, or can be used 
for control cables, eie>^tor or hoisting rope, suspension rope or several 
automotive appncetlone such as tire reinforcement or \Anndow elevator 
cable. 

10 

Since the strands or cord$« comprising a strand as subject of the 
invention, overcomes the presently Icnown technical drawbacks, ihe 
strand or cord manufacturer is also able to reduce the waste-level, and 
the strand or cords can be provided in a more economical way. This 
15 since also a drawback is laced by these manufacturers, being obliged at 

present to provide strands or cords not iiaVing filament ruptures over its 
whole length. 

20 Brief dascriPtten of the dyawinae. 

The invention will now be described into more detail with reference to 
the accompanying drawings wherein 

- FIGURE 1 IS a schematic view of a cord and a strand as subject of 
the Invention. 

25 - FIGURE 2a is a schematic view of a strand having a filament 

rupture. 

- FIGURE 2b is a sdiematic view of the strand of FIGURE 2a, of 
which the filament ends are fixed according to the invention, 

. FIGURE 3 is a radial cut according to the plane AA* of the cord of 
30 FIGURE 1. 

- FIGURE 4 is a polymer belt comprising a cord as subject of the 
invention. 



Dftscrtption of the orefierred embodiments of the invention. 
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An embodiment of a metal cord and a metal strand as subject of the 
invention i$ $hown In FIGURE 1- A metal cord 100, provided out of steel 
having 0.7%C, having a constoiclion ''(0.21+6x0-19)+6x(0.19+6x0.175)". 
5 The cord comprises 7 strands (101a. 101b, 1G1c, 101d, lOle, lOlf and 

101g). each strand comprises a core filament 102 and filaments 103 
providing the outer layer of the strand. 

The core strand 101a comprising a core filament 102 of diameter 
0.21mm, being encircled by 6 filaments 103 of a diameter 0,19mm. The 
10 other outer strands 101b, 101c« lOld, 101e, 101f and IQIg h&Ang all a 

core filament 102 of diameter 0*19mm, and 6 enclrding filaments 103 of 
0,175mm. 

The core strand 101a has a lay fength of 6-3mm and the outer strands 
15 101b, 101c, 10id, I01e, lOlf and 10lg having all a lay length 104 of 

8mm. The core strand 101a and the metal cord Itself are twisted in the 
same direction (S or Z direction) whereas the strands 101b» 101c, lOld, 
lOle, 101f and lOlg all being twined In the opposite direction (Z* 
respectively S). 
20 • 

As shown In FIGURE 2a and FIGURE 2b, the strand lOld has one 
filament 105 being intenrupted. The metal filament 105 Is a filament of 
the outer layer of strand 101dv This rupture provides two filament ends 
107a and 107b projecting out of the strand profile as shown in FIGURE 
25 2a. 

According to the present invention, both ends 1 07a and 107b are fixed, 
preferably soldered, too the unintern4pted filaments of the strand lOld 
providing two fixation points 106, as shown In FIGURE 2b. The 
30 Intenruptlon zone of the strand 1 0ld has a length as Indicated with arrow 

108. The Interruption zone has one filament less, so 6 filaments remain 
unlntennpted in the present sample. 
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As fixing substance, preferably soldering substance chosen out of the 
group consietlng of Ag» Sn or Ag-Sn alloys Is used. Most preferably 8n- 
Ag alloy is used, 

5 As indicated in FIGURE 3, being a section accortling to AA' of FIGURE 

1, one notices that the diameter of the strand 101 d, indicated 301, is 
essentially equal to the diameter of the location of the fixation points 106 
at each side of tiie interruption 2X)ne, as Indicated with 302. 

10 The force at rupture and the elongation at rupture of the strand 1 01 d 

and of the cord 100 are given in Table I. 



Table I 





Force at rupture (Mpa) 


Bbngatlon at 
rupture (%) 


Strand 101d 






Sample 1 


396.9 


1J24 


Sample 2 


415.6 


1.36 


Sample 3 


420.2 


1.52 


Sample 4 


419.4 


1.38 


Sample 5 


418.2 


1.43 


Reference without 
soldered zone 


488 


2.05 


Cord 100 






Sample 1 


3081.5 


2.46 


Sample 2 


3077.5 


2.39 


Sample 3 


3033.6 


2.16 


Sample 4 


3020.2 


2.16 


Samples 


3018.7 


2.18 


Sampled 


3078.9 


2.37 


Ref^nce without 
soldered zone 


3200 


2.75 
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For all samples, an Ag-Sn alloy soldering substance was used. 
All tests are done on a sample of 1000mm of strand or cord, 

AS one notice, the average force at mpture of the attends with 
Interruption zone Is 85% of the force at rupture of tlie reference strand 
without interruption zone. The average elongation at rupture Is 68% of 
the elongation at mpture of the reference strand without Internjption 
zone. 

The average force at mpture of the cord oomprirfng a strand with 
interruption zone is 95% of the force at mpture of the reference cord 
comprfeing strands without Internjption zon©» The average elongation at 
mpture is 82% of the elongation at mpture of the reiference conS 
compri^ng strands without Interruption zone. 

As shown In FIGURE 4. metal cords 41 are embedded in a polyurethane 
matrix 42. The metai cord 41 a as subjects of the invention has a strand 
with a soldered zon© 43. Such belt can be used as elevator belt 
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CLAIMS 

1 . A metal strand comprising at least two ftlametits, at least one 
5 filament lc»eing Interrupted providing at least one flldment end, 

characterized In that said fSament end being fbced to the 
uninterrupted filaments of saftf strand using a fixing sut>8tance. 

2. A metal strand according to claim 1 » said strand having an 

10 interruption zone, at each side of said Interruption zone, at least one 

filament end being fixed to said uninterrupted filaments. 

3. A metal strand according to any of claim 1 to 2, said fixing 
substance being a gtue. 

15 

4. A metal strand according to any of claim 1 to 2, said fixing 
substance beir^ a polymer. 

5* A metal strand according to any of daim 1 to 2. said fixing substance 
20 being a soldering substance. 

6. A metal strand according to claim 6, said soldering substance having 
a melting temp lower than 700''C. 

25 7. A metal strand according to any of claim 5 or 8, said soldering 

substance being chosen out of the group consisting of Ag, Sn or Ag- 
Sn anoy$4 

8. A metal strand according to any of dalm 1 to 7, only one filament 
30 being interrupted. 



9. 



A metal strand according to any of daim 1 to 8, said strand having a 
strand diameter, the diameter of the fixation of the filament ends 
being essentially equal to said strand diameter 
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10. A metal strand according to any of claim 1 to 9, salfl strand diameter 
being dmailer than 5mm. 

5 11 . A metal strand according to any of claim 1 to 0» said strand diameter 

being smaller than 2.Smm. 

12. A metal strand according to claim any of 1 to 1 1 , said filaments 
having a filament diameter, said filament diameter being smaller 

10 than 1.15mm. 

13. A metal strand according to any of claim 1 to 11, said filament 
diameter being smaller than 0.35mm. 

15 14. A metal strand according to any of dalm 1 to 13. said strand having 

a lorce at rupture of more ^n 50% of the force at rupture of a 
sample of said strand, not comprising a filament end. 

15. A metal strand according to any of claim 1 to 14, said ^and with 
20 interruption :san& having an elongation at rupture of more than 30% 

of the force at rupture of a sample of said strand, not comprising a 
filament end. 



16. A metal strand according to any of claim 1 to 14, said metal being 
25 dteeL 

17. A metal cord comprising at least two metal strands, at least one of 
said strands being a metal strand as In one of the proceeding 
claims. 

30 

18. A metal cord as in claim 17, wherein one of said strands being a 
metal strand as In one of the proceeding claims. 
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1d. Use of a metal strand according to any of claim 1 to 16 for 
reinforcing polymer or rubber belts or tires. 

20- Use of a metal strand according to any of claim 1 to 1 6 fri elevator or 
5 hoisting belts. 

21 . Use of a metal etrand according to any of claim 1 to 1 6 In timing 
belts. 

10 22l Use of a metal strand according to any of claim 1 to 1 6 to provide a 

muftl-strand cord . 

23. Use of a metal strand according to any of claim 1 to 1 6 as hoisting 
or elevator rope^ 

15 

24. Use of a metal strand according to any of claim 1 to 16 as control 
cable. 

25. Use at a metal strand according to any of datm 1 to 16 as 
20 suspension rope^ 
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ABSTRACT 

A metal stmnd as subject of the Invention comprising at least two 
filaments. At least one filament is interrupted providing a filament end, 
5 which is fixed to the uninteniipted filaments of the strand using a fixing 

substance* preferably a eoldering substance. Such strand can be used 
to provide e-g- oords, rubber or polymer reinforcement of tires and belt 
such as elevator or timing belts, hoisting or elevator ropes, control 
cables or suspension rope. 
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